ABSTRACT In order to evaluate the effects of Bacillus coagulans-fermented Ginkgo biloba (FG) and nonfermented G. biloba (NFG) on abdominal fat deposition and meat quality, 270 female Peking ducks were randomly assigned to the following experimental groups: a control group (fed a basal diet), an NFG group (fed a basal diet + 0.3% NFG), and an FG group (fed a basal diet + 0.3% FG). Body weight and feed intake were recorded weekly, and feed conversion ratio was calculated to assess growth performance. After 6 wk, 18 ducks from each group were killed. Abdominal fat ratio and pH (at 45 min and 24 h postmortem), color parameters (lightness, redness, and yellowness), water-holding capacity, cooking loss, shear force, and intramuscular fat and fatty acid contents were measured. Six more ducks were killed to isolate RNA from their abdominal fat tissue for measurements of peroxisome proliferator-activated receptor-γ (PPARγ), obese (leptin), and adiponectin (ADP) expression using real-time polymerase chain reaction. The results revealed that body weight gain was higher in the FG group than in the control and NFG groups, whereas feed conversion ratio was lower (P < 0.05). The abdominal fat contents were lower in the NFG and FG groups than in the control group (P < 0.05). The NFG and FG groups had lower levels of saturated fatty acids (mainly palmitic acid) and higher levels of polyunsaturated fatty acids (mainly linoleic acid and arachidonic acid) than the control group. The mRNA expressions of PPARγ, leptin, and ADP in abdominal fat tissue were significantly increased in the NFG and FG groups, and the mRNA expression of PPARγ was higher in the FG group than in the NFG group (P < 0.05). These results suggest that fermenting G. biloba reduces the deposition of abdominal fat and improves the fatty acid profile of Peking duck meat.
INTRODUCTION
Phytogenic feed additives have recently gained considerable attention (van Beek and Montoro, 2009) because of their antimicrobial effects, antioxidant activities (Wei and Shibamoto, 2007) , and gut functionenhancing properties (Windisch et al., 2008) . Ginkgo biloba L., which has existed for 280 million years, is the only surviving tree species of the order Ginkgoales (Gong et al., 2008) . G. biloba L. products are sold worldwide as the active ingredients of several dietary supplements and herbal medicinal products. G. biloba leaves contain more than 30 flavonoids, including flavonol glycosides, flavonols, biflavones, catechins, terpene lactones, proanthocyanidins, and organic acids (Singh et al., 2008) . Recently, G. biloba has been shown C 2017 Poultry Science Association Inc. Received September 19, 2016. Accepted January 6, 2017. 1 Corresponding author: fangbh@scau.edu.cn to modulate cholesterol metabolism by lowering the levels of low-density lipoprotein (LDL) cholesterol in rats (Gu et al., 2009) . Additionally, flavonoids play beneficial roles in the hepatic lipid metabolism of mice (Hoekvan den Hil et al., 2013 , 2014 . G. biloba is also an ingredient of some commercial fat-reducing teas, suggesting that it has fat-reducing properties. Therefore, we believe that G. biloba can be used as a feed additive for the production of animals with low body fat.
More than 70% of the ducks in the world are produced and consumed in China, and a considerable number of these are Peking ducks. Fermentation is one of the most common processes used to prepare food products because of its ability to enhance the health-promoting properties of foods and eliminate undesirable flavors. Therefore, we developed a Bacillus coagulans-based fermentation process to preserve and enhance the functionality of G. biloba L. In this study, we evaluated the effects of fermented and non-fermented G. biloba leaves on growth performance, meat quality, and abdominal fat deposition in Peking ducks. We focused on female Peking ducks as people prefer to consume female ducks in some parts of southern China.
MATERIALS AND METHODS

Animals
All animal experiments were performed in accordance with the Guidelines for the Care and Use of Experimental Animals of Southern China Agricultural University.
B. Coagulans Culture
B. coagulans (ID: WGC 1103.26) was obtained from Wens Research Institution (Guangdong Province, China) and grown in glucose broth liquid medium at 30
• C for 14 to 18 h prior to inoculation (1 × 10 7 cfu/mL).
Preparation of Fermented G. biloba Leaves
Air-dried G. biloba leaves were purchased from a local supplier of traditional Chinese medicines. The leaves used in this study were all from the same batch. The leaves were ground in an electric grinder and passed through a 20-mesh sieve. The resulting powder was mixed with corn starch, soybean meal, and 2% nutritive salt so that the final mixture contained 73% G. biloba leaves, 15% corn starch, 10% soybean meal, and 2% nutritive salt (MnSO 4 :MgSO 4 ·7H 2 O:K 2 HPO 4 :NaCl:glucose = 0.2:1:4:5:9.8). Following sterilization using an autoclave, the mixture was divided into 2 portions. One portion served as the control, while the other portion was wetted with sterilized tap water under sterile conditions until the moisture content reached 75% and fermented with 10% B. coagulans at 30
• C for 48 h in a stainlesssteel container. The mixture was gently pressed, and the container was sealed with an adhesive film to create a relatively anaerobic environment because B. coagulans is a Gram-positive, endospore-forming, heatresistant, facultative anaerobe. The fermented product was spread onto a stainless-steel pan and oven-dried overnight at 50
• C. The dry matter was subsequently passed through a 20-mesh sieve.
Measurement of Total Flavonoid and Short-chain Fatty Acid Contents
Total flavonoid content was measured by highperformance liquid chromatography (HPLC) using a chromatograph coupled to an evaporative lightscattering detector (van Beek and Montoro, 2009) . Ginkgolic acid and short-chain fatty acid (SCFA) contents were measured by HPLC with ultraviolet detection.
The G. biloba compositions before and after fermentation are shown in Table 1 . All chemicals were purchased from Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO), and the solvents were of chromatographic grade.
Experimental Design and Animal Husbandry
Female Peking ducks (Anas platyrhynchos domestica) were purchased on the day of hatching from a local hatchery (Wens Food Groups, Xinxing, Guangdong, China). The ducks (n = 270; body weight = 53 ± 2 g) were randomly allocated to one of 3 dietary treatment groups (90 ducks per group) with 6 replicates per group (15 ducks per replicate): 1) a control group that was fed a basal diet; 2) a non-fermented group that was fed a basal diet + 0.3% non-fermented G. biloba (NFG); and 3) a fermented group that was fed a basal diet + 0.3% fermented G. biloba (FG). The G. biloba dosage of 0.3% was selected because preliminary experiments indicated that dosages exceeding 0.5% cause decreased feed intake (FI) and higher feed conversion ratio. The chemical composition and nutrient profile of the basal diet are presented in Table 2 . The experimental diets were formulated to meet the National Research Council guidelines (NRC, 1994) . Ducks were housed on rice husks on the floors of identically sized pens (1.8 × 1.6 m per 15 ducks). The room temperature was maintained at 34
• C to 35
• C for the first 3 d and then gradually reduced by 1
• C per d until a final temperature of 25 • C was reached. A daily 12-h light cycle (06:00 to 18:00) was used throughout the trial. The ducks had ab libitum access to food and water. Body weight (BW) and FI were recorded weekly, and feed conversion ratio was calculated. Feed was withheld for 12 prior before weighing the animals. 
Meat Quality and Chemical Analyses
At the end of the experimental period (wk 6), 18 ducks (3 birds per pen, 6 pens per group) from each group with BWs similar to the average group BW were randomly selected, weighed, and slaughtered under similar conditions. All birds were killed by neck dislocation, and the carcasses were eviscerated and manually cut. The abdominal fat tissue was carefully and completely removed for weighing. The results were expressed as percentages of bodyweight.
The color parameters of the fresh meat [i.e., lightness (L * ), redness (a * ), and yellowness (b * )] were measured with a chromameter (CR 410, Konica Minolta Sensing Inc., Osaka, Japan). The pH values of breast meat were measured with a portable pH meter (SD50, Aqualytic, Dortmund, Germany) at 45 min postmortem (pH 45min ) and at 24 h postmortem (pH 24h ). The pHdetection probe was inserted into the pectoralis major at 45
• and rinsed 3 times with deionized water. Color parameters and pH values were measured in triplicate.
Water-holding capacity, cooking loss, and shear force were measured by the method reported by Hamm (1960) , Chae et al. (2011) and Schilling et al. (2008) . Briefly, 5 h postmortem, ∼500 mg of breast muscle tissue (wet weight) was placed between 2 glass plates and 2 filter papers. A 10-kg metal weight was placed on top of the top glass plate for 5 min. Water-holding capacity was calculated as (initial weight -final weight)/initial weight × 100. At 5 h postmortem, 60 g of (right) breast meat was placed into an individual plastic bag, vacuum sealed, and cooked in water at 75
• C for 30 min. After cooling to room temperature, cooking loss was calculated as (initial weight -cooked weight)/initial weight × 100. Shear force measurements were performed with a TA-XT Plus texture analyzer (Stable Micro Systems, Godalming, UK) equipped with a TA-7 WB sheartype blade. Strips (20 × 10 × 10 mm) were cut from the same locations in the samples. Shear force was measured perpendicular to the axis of the muscle fibers in 6 replicates per treatment.
The intramuscular fat content of breast meat was measured by ether extraction in a Soxhlet apparatus using method 960.39 of the Association of Official Analytical Chemists (AOAC, 1990) . The results were expressed as percentages.
To determine fatty acid content in the right breast meat, total lipids were extracted and converted into fatty acid methyl esters (FAMEs), which were quantified using automated gas chromatography (Model GC-2010 Plus, SHIMADZU Technologies, Kyoto, Japan) with a capillary column (0.32 mm i.d. × 30 m; Rtx-225, Restek Co., Ltd, PA) (Folch et al., 1957; An et al., 1997) . The initial column temperature was set at 50
• C and increased to 200
• C at 30 • C/min and then to 230 • C at 2
• C/min. The flame ionization detector was set at 280
• C. The individual peaks of FAMEs were expressed as percentages of all peaks.
Real-time Polymerase Chain Reaction
Another 6 birds of each group were selected and killed. Abdominal fat (∼100 mg) was removed, washed with 0.1% diethylpyrocarbonate-treated water, and stored overnight at 4
• C in 1 ml RNA reagent (Tiangen Inc., Beijing, China). Isolated RNA was stored at -80
• C. The process of tissue collection was completed in 10 min.
Total RNA isolation was performed with an RNA isolation kit (Takara, Dalian, China). The RNA concentrations and purity were determined at 260 and 280 nm, respectively, using a NanoDrop. The resulting 260/280 ratios of the samples were >1.8.
RNA was reverse-transcribed into cDNA using a commercial kit (Takara, Dalian, China). First-strand cDNA was either used as a template for real-time polymerase chain reaction (PCR) or stored at -20
• C. Oligonucleotide primers (Table 3) were designed, synthesized, and standardized for PCR. The mRNA expressions of obese (leptin), proliferator-activated receptor-γ (PPARγ), adiponectin (ADP), and β-actin were measured in triplicate using a TaqMan realtime PCR system (ABI 7500FAST Sequence Detection System, Applied Biosystems, Carlsbad, CA) with specific TaqMan primers/probes (Applied Biosystems). Amplification was performed using standard conditions. The transcript amount was calculated as 2 −ΔCT ; transcript fold induction was calculated as 2
−ΔΔCT
following normalization with respect to β-actin expression.
Statistical Analysis
Data were analyzed by one-way analysis of variance and least significant difference post-hoc multiple comparison test using SPSS 18.0 software (SPSS Inc., Chicago, IL). The statistical differences between treatments were determined by Tukey's test. The results are presented as mean ± SEM. Relative gene expression data were analyzed by Student's t-test. Statistical significance was set at P < 0.05.
RESULTS
Composition of Ginkgo biloba
Sterilization and fermentation resulted in slight reductions in flavonoids, bilobalide, ginkgolide A, ginkgolide B, and ginkgolide C. Acetate and L-lactate levels increased sharply after fermentation.
Growth Performance
The effects of non-fermented and fermented G. biloba on the growth of Peking duck are presented in Table 4 .
During wk 1 through 3, no significant differences were observed in BW gain, FI, or feed conversion ratio between the NFG and FG groups. During wk 4 through 6, the BW gain of the FG group was higher than that of the control group (P = 0.038) and NFG group (P = 0.013). Although the NFG group exhibited a lower BW gain and a higher feed conversion ratio compared to the control group during this period, the differences were not significant. During wk 1 through 6, the FIs and feed conversion ratios were not significantly different among the 3 groups. While the BW gains differed among the 3 groups, only those of the NFG and FG groups were significantly different (P = 0.025).The BW of 3 groups were about the same weight at initial and interim period, but the final BW of FG group were noticeable higher than those of control group (P = 0.033) and NFG group (P = 0.029).
Meat Quality and Abdominal Fat Deposition
The fermented and non-fermented G. biloba leaves had no effect on the meat color parameters (lightness, redness, and yellowness) or meat quality characteristics (cooking loss, water-holding capacity, shear force, and intramuscular fat content) of the Peking duck meat. The values of pH 45min and pH 24h were also similar among the 3 experimental groups. However, the abdominal fat content was lower in the NFG (P = 0.018) and FG (P = 0.023) groups than in the control group (Table 5) .
Fatty Acid Profile of Breast Meat
The fatty-acid composition of right breast meat is presented in Table 6 . No significant differences were observed among the 3 groups in terms of the mystiric acid, stearic acid, oleic acid, palmitoleic acid, eicosenoic acid, and α-linoleic acid contents. However, the palmitic acid contents of the NFG (P = 0.017) and FG (P = 0.020) groups were lower than in the control group, whereas the linoleic acid and arachidonic acid contents were higher in the NFG (P = 0.014) and FG (P = 0.012) groups. No significant differences in the levels of these 2 fatty acids were found between the NFG and FG groups. The levels of saturated fatty acids (SFAs) and polyunsaturated acids (PUFAs) were affected by treatment with G. biloba. The total SFA levels in the NFG (P = 0.016) and FG (P = 0.020) groups were lower than in the control group, while the total PUFA levels in the NFG (P = 0.047) and FG (P = 0.032) groups were higher than in the control group. No significant difference in PUFA level was observed between the NFG and FG groups.
Real-time PCR
To assess the effect of G. biloba on lipid metabolism from a molecular perspective, we investigated the effects of non-fermented and fermented G. biloba on the RNA expression of PPARγ, leptin, and ADP in abdominal fat tissue. The PPARγ mRNA expression is shown in Figure 1 . The FG group had a lower level of PPARγ mRNA expression that the control (P = 0.002) and NFG (P = 0.025) groups. Additionally, the NFG group had a lower PPARγ mRNA expression level than the control group (P = 0.003). The leptin mRNA level of the control group was lower than those of the NFG (P = 0.008) and FG (P = 0.005) groups. However, leptin mRNA level were not significantly different between the NFG and FG groups (Figure 2) . Similarly, the ADP Table 6 . Effects of fermented and non-fermented G. biloba leaves on the fatty acid composition (%) of the breast meat of Peking ducks. mRNA level of the control group was lower than those of the NFG (P = 0.015) and FG (P = 0.036) groups, while the ADP mRNA levels of the NFG and FG groups were not significantly different (Figure 3) .
DISCUSSION
In the interest of health, consumers are paying considerable attention to their diets, particularly dietary fat and cholesterol. Animal products with high fat and cholesterol levels are less accepted by consumers because fat and cholesterol are risk factors for cardiovascular diseases, diabetes, and stroke (Houston et al., 2011; Larsson et al., 2012) . Flavonoids, which are predominant in G. biloba, have been shown to exert beneficial effects on lipid metabolism in mice (Hoek-van den Hil et al., 2014) , and G. biloba extracts have been reported to decrease fatty-acid accumulation in rats (Rodriguez de Turco et al., 1993) and visceral adiposity in humans (Hirata et al., 2015) . Natural botanical medicines have been used as food supplements, and fermentation is a traditional process that generates biological compounds with healthpromoting properties. In this study, we developed a process to ferment G. biloba with B. coagulans, a probiotic that has been approved by the U.S. Food and Drugs Administration. B. coagulans is widely used in food and feed processing because of its high SCFA content and lactic acid-producing properties (Benson et al., 2012) , which have beneficial effects on metabolism and body fat mass in humans (Kondo et al., 2009; den Besten et al., 2013) . Specifically, SCFAs increase the activity of adenosine monophosphate (AMP)-activated protein kinase (AMPK) in mice (Gao et al., 2009) , thus promoting the expression of PPARγ coactivator-1α, which is involved in the transcriptional control of PPARγ. As an important member of the nuclear hormone receptor family, PPARγ plays a crucial role in the regulation of cholesterol and lipid metabolism in mice (Jager et al., 2007) . In vitro and in vivo studies have shown that SCFAs stimulate the expression of leptin in mice and humans through a free fatty-acid receptor 2-(Fffr2-) dependent pathway (Sleeth et al., 2010; Bjursell et al., 2011) , increase energy expenditure through exercise, and enhance the oxidation of fatty acids by increasing the ratio of AMP to adenosine triphosphate and AMPK activity in liver and muscle (Minokoshi et al., 2002; Yu et al., 2004) .
In addition to increasing SCFA levels, the fermentation of G. biloba decreased the levels of ginkgolic acid, which has cytotoxic, sensitizing, mutagenic, carcinogenic, hepatotoxic, and nephrotoxic effects (Hecker et al., 2002) . On the other hand, fermentation had negligible effects on total flavonoids and terpene lactones in G. biloba leaves. G. biloba positively affects lipid and cholesterol metabolism in human umbilical vein endothelial cells by modulating the expression of PPARγ and activating AMPK (Ou et al., 2013) . Guohong Liu and colleagues reported that isoginkgetin, an important component of G. biloba, enhances ADP secretion in mice, likely by activating AMPK (Liu et al., 2007) . In this study, we investigated the effects of non-fermented and fermented G. biloba on the mRNA expressions of PPARγ, ADP, and leptin in abdominal adipose tissue.
Three PPAR types have been identified: alpha, gamma, and delta (Lehrke and Lazar, 2005) . PPARs are nuclear receptors that function as metabolic sensors and are responsible for the transcriptional regulation of the vast majority of genes that encode metabolic enzymes (Berger and Moller, 2002) . PPARγ is one of the most important members of the nuclear hormone receptor superfamily because of its unique role in lipid and energy metabolism. Adipose PPARγ implicated in non-adipose tissues (e.g., liver and muscle tissue) from accumulating excessive levels of lipids. In adipocytes, activated PPARγ affects the production of adipocytokines (e.g., ADP) in rats and mice (Janani and Ranjitha Kumari, 2015) . In this study, the mRNA expressions of ADP and PPARγ were down-regulated, likely by flavonoids in G. biloba. Guohong Liu and colleagues reported that the components of G. biloba include a PPARγ agonist that can imitate the function of PPARγ in mice (Liu et al., 2007) . Moreover, Kun-Ling Tsai and colleagues revealed that G. biloba increases PPARγ activity by inhibiting the oxidized LDL-induced extracellular regulated-protein kinases and nuclear factor-κB activation in humans (Tsai et al., 2016) . Therefore, the flavonoids in G. biloba might have contributed to decreased levels of mRNA PPARγ. Additionally, SCFAs, which have regulatory effects on PPARγ expression, might explain the differences in PPARγ levels between the NFG and FG groups.
In this study, leptin mRNA expression increased following 42 d of treatment with 0.3% non-fermented and fermented G. biloba compared to the control group. Leptin is primarily secreted by white adipose tissue in mice (Zhang et al., 1994) . Although studies have suggested that leptin secretion is independent of leptin mRNA expression levels because of the presence of small vesicular leptin stores in adipocytes, sustained increases in leptin mRNA expression levels lead to increased leptin production and secretion in rats (Barr et al., 1997; Roh et al., 2000; Ye et al., 2010) . William and colleagues demonstrated that leptin can inhibit the basal de novo fatty acid synthesis from glucose in rats (William et al., 2002) . Furthermore, Fruhbeck and colleagues reported that leptin stimulates lipolysis in rat adipocytes (Fruhbeck et al., 1997) . Additionally, leptin has the ability to reduce body fat mass via the inhibition of preadipocyte proliferation in rats (Harris, 2014) ; this may partially explain why the abdominal fat contents in the groups treated with G. biloba were lower than that in the control group. The biochemical pathways that control leptin expression are poorly understood. Therefore, it is not clear exactly how G. biloba affects leptin expression. Janani and Ranjitha Kumari reported that activated PPARγ in rat adipocytes stimulates leptin production (Janani and Ranjitha Kumari, 2015) . Recently, Yi-Hsueh Lu and colleagues showed that the regulation of leptin expression in mice involves nuclear factor Y (Lu et al., 2015) , which is affected by proinflammatory cytokines such as interleukin (Su et al., 2015) . Researchers have shown that G. biloba modulates the levels of several proinflammatory cytokines in mice and humans (Boonkaew and Camper, 2005) . Therefore, G. biloba may regulate leptin expression through its effects on proinflammatory cytokine, which affects the nuclear factor Y pathway. However, further studies are needed to understand the mechanism(s) involved.
ADP mRNA levels increased in both the NFG and FG groups. ADP is an adipocytokine that is primarily synthesized in white adipose tissue by mature adipocytes. The function of ADP is to regulate energy expenditure and lipid accumulation. Fruebis et al. (2001) reported that daily injections of ADP hydrolysate increase fatty acid oxidation in mice. Additionally, ADP induces the phosphorylation and inactivation of acetyl-CoA carboxylase (via AMPK activation) and enhances the rates of fatty-acid oxidation in rats (Kudo et al., 1996) . ADP may initiate the long-and short-term stimulation of fatty-acid oxidation in mouse muscle cells (Yoon et al., 2006) . Liu et al. (2007) reported that a component of G. biloba enhances ADP secretion in mice via pathways involving AMPK. Finally, Hsiu-Chung Ou et al. (2013) reported that G. biloba extracts attenuate oxidized LDL-induced endothelial dysfunction of human umbilical vein endothelial cells by activating AMPK. The findings of this study are consistent with the above reports.
Abdominal fat is considered a waste product in the poultry industry. Flavonoids have been reported to exhibit anti-lipogenic activities in mice (Nakagawa et al., 2004; Hsu and Yen, 2007; Zarrouki et al., 2010) . In this study, the abdominal fat levels were lower in the groups treated with G. biloba (both fermented and nonfermented) compared to in the control group. Analyses of gene expression revealed that the reductions in abdominal fat in the G. biloba-treated groups were partially attributed to increased mRNA levels of leptin and ADP genes along with decreased PPARγ levels.
With respect to meat quality, meat pH is one of the most important factors because it affects several other quality-related attributes, including cooking loss, meat color (food appearance), and tenderness (Aberle et al., 2001) . A rapid postmortem decline in meat pH is indicative of denaturation and reduced nutrient value. Cao and colleagues reported that G. biloba positively affected the quality of chicken meat in terms of the pH value at 24 h postmortem; they assumed that the polysaccharides and flavonoids in G. biloba increased the α-TOH levels and improved the antioxidant capacity of the chickens, which is beneficial for limiting the decline in pH after death (Cao et al., 2012) . However, in present study, we did not obtain a similar result. Furthermore, in this study, both fermented and nonfermented G. biloba affected the fatty acid composition of breast meat (i.e., G. biloba resulted in lower SFA and higher PUFA levels). The predominant fatty acids in breast meat are palmitic acid, stearic acid, oleic acid, and arachidonic acid (Cobos et al., 2000) . The dietary intake of PUFAs reduces blood lipid levels (Grundy and Denke, 1990) ; therefore, from this perspective, the breast meats of the NFG and FG groups are potentially healthier for human consumption, particularly for middle-aged and elderly people who are at high risk of hyperlipidemia-related diseases.
CONCLUSION
The results of this study suggest that fermented and non-fermented G. biloba may reduce abdominal fat deposition in Peking ducks and improve the fatty-acid profile of the meat. Additionally, fermented and nonfermented G. biloba may exert anti-lipogenic effects by down-regulating the expression of PPARγ along with up-regulating leptin and ADP genes. We also found that the feed-to-gain ratio of the group treated with fermented G. biloba was lower than that of the group treated with non-fermented G. biloba at the finisher period, which suggests that fermentation with B. coagulans may be a feasible approach for preserving and improving the beneficial effects of G. biloba. Thus, G. biloba is a potential feed additive that could be used beneficially in the poultry industry, particularly for the production of high-quality meat. However, further studies are required to determine the mechanism by which G. biloba regulates lipid metabolism.
